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ABSTRACT
New virulence factors associated with the genus
Shigella have been described recently. These com-
prise enterotoxins ShET-1 and ShET-2, encoded
by the set and sen genes, respectively, and the
secreted autotransporter toxin Sat, encoded by the
sat gene. The present study aimed to determine
the prevalence of genes encoding these toxins
among a collection of Shigella ﬂexneri clinical
isolates belonging to different serotypes. While
the set gene was detected only in S. ﬂexneri
serotypes 2a and 2b, the sen and sat genes were
present in diverse serotypes of S. ﬂexneri.
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Shigellosis is a major public health problem in
developing countries, with diarrhoea associated
with Shigella resulting in c. one million deaths
each year, especially among children in develop-
ing countries [1]. The severe clinical form of
shigellosis is characterised by the passage of
scanty loose stools consisting of blood and mucus
(bacillary dysentery). In many cases, this syn-
drome is preceded by watery diarrhoea for
12–18 h, but mild cases of shigellosis often mani-
fest only as watery diarrhoea [2]. Several
virulence factors have been associated with Shig-
ella spp., with the most common being the ability
to colonise and invade the intestinal cells [3,4].
Recently, three novel toxins, Shigella enterotoxin
1 (ShET-1), Shigella enterotoxin 2 (ShET-2) and the
secreted autotransporter toxin (Sat), have been
described in Shigella ﬂexneri [5–8]. The ShET-1 toxin
is encoded by the set genes, and these genes have
been found on the antisense strand of a mucinase
gene in S. ﬂexnerii, as well as in enteroaggregative
Escherichia coli [9]. This toxin has a conﬁguration of
one A subunit (encoded by the set1A gene) and
several B subunits (encoded by the set1B gene).
ShET-1 has been reported in strains of Shigella spp.
belonging to different serotypes isolated from
clinical cases in Chile, China, Guatemala, India
and Pakistan [8], but mostly in strains belonging to
serotype 2. ShET-2, encoded by the sen gene, has
also been reported in different species of Shigella
causing travellers’ diarrhoea [10], but the distribu-
tion of this enterotoxin among the different sero-
types of S. ﬂexneri has not been analysed. The
autotransporter toxin Sat, encoded by the sat gene,
was described ﬁrst in uropathogenic E. coli but has
also now been reported in Shigella spp. [6]. The
present report describes the prevalence of the set,
sen and sat genes among S. ﬂexneri strains belong-
ing to diverse serotypes that were isolated from
patients suffering from acute watery diarrhoea.
Between January 1998 and December 2000,
stool samples from patients suffering from acute
watery diarrhoea attending the Infectious Dis-
eases Hospital and B. C. Roy Children’s Hospital,
Calcutta, India were cultured for Shigella spp. and
other enteropathogens. Stool samples were inocu-
lated on MacConkey, Hektoen Enteric and Xylose
Lysine Deoxycholate agar (Difco, Detroit, MI,
USA). Colonies with characteristics of typical
Shigella spp. were identiﬁed further by standard
microbiological techniques [11]. Serotypes were
determined by visual analysis of slide agglutin-
ation tests with speciﬁc antisera (Denka Seiken,
Tokyo, Japan).
Detection of the set, sen and sat genes was by
PCR with speciﬁc primers as described previ-
ously [10,12], with ampliﬁcation of the set1A gene
being used to detect ShET-1. A reagent blank,
containing all components of the reaction mixture
with the exception of the bacteria, was included in
every PCR run. PCR assays were performed in a
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Model 480 Thermal Cycler (Perkin Elmer, Cetus
Emeryville, CA, USA). Ampliﬁcation products
were analysed by electrophoresis in agarose 2%
w ⁄ v gels following staining with ethidium bro-
mide.
In total, 65 S. ﬂexneri strains isolated from
patients suffering from acute diarrhoea were
investigated. These comprised: eight serotype 1;
27 serotype 2a or 2b; 15 serotype 3; three sero-
type 4; three serotype 5; and nine serotype 6.
Amplicons corresponding to each ampliﬁed
gene are shown in Fig. 1. Product sizes were
309 bp, 799 bp and 387 bp for the set1A, sen and
sat genes, respectively.
The prevalence of the three genes among the
diverse serotypes of S. ﬂexneri investigated is
shown in Table 1. ShET-1, which was discovered
originally in an S. ﬂexneri 2a strain, was found to
be present in 100% of S. ﬂexneri type 2 isolates
tested, either 2a or 2b. In contrast, this enterotoxin
was absent from other S. ﬂexneri serotypes. These
results agree with those of Noriega et al. [8], who
found ShET-1 almost exclusively in S. ﬂexneri 2a
isolates and only rarely in other Shigella spp.
Vargas et al. [10] found ShET-1 in 45% of S. ﬂexneri
strains causing travellers’ diarrhoea but not in
other Shigella spp. In the present study, ShET-1
was found in conjunction with ShET-2 in 26% of
S. ﬂexneri isolates. Similarly, Vargas et al. [10]
reported that 36% of S. ﬂexneri isolates produced
both ShET-1 and ShET-2. In addition, ShET-2 was
found alone in 25% of S. ﬂexneri isolates examined
in the present study, unlike the results of Nataro
et al. [7], who detected ShET-2 in 73% of S. ﬂexneri
isolates investigated with a DNA probe. The
present study also detected ShET-2 in all the
prevalent serotypes of S. ﬂexneri except for sero-
type 4 (Table 1). Overall, 56 isolates of S. ﬂexneri
(86% of the total) were also positive for the sat
gene, in accordance with the results of Ruiz et al.
[12], who reported that 64% of S. ﬂexneri isolates
causing travellers’ diarrhoea were positive for the
sat gene. This gene was observed in 100% of
serotype 2a, 2b and 1 isolates, and in 33–80% of
other S. ﬂexneri serotypes.
In conclusion, the results showed that while the
set gene was only present in S. ﬂexneri serotypes
2a and 2b, the sen and sat genes were present in
diverse S. ﬂexneri serotypes.
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Table 1. Prevalence of the sat, set and sen genes in Shigella






Number of isolates that produced
sat Only set Only sen Both set + sen
1 8 8 (100%) 0 2 (25%) 0
2a 15 15 (100%) 5 (33.3%) 0 10 (66.6%)
2b 12 12 (100%) 5 (41.6%) 0 7 (58.3%)
3 15 12 (80%) 0 10 (66%) 0
4 3 2 (66%) 0 0 0
5 3 1 (33%) 0 2 (66%) 0
6 9 6 (66%) 0 2 (22%) 0
Total 65 56 (86%) 10 (15%) 16 (25%) 17 (26%)
M 1 2 3 4
1500 bp
600 bp
Fig. 1. Examples of PCR amplicons obtained with the
set1A, sen and sat genes. Lane M: DNA molecular size
markers (100-bp DNA ladder; Gibco-BRL, Glasgow, UK).
Lane 1: set1A gene. Lane 2: sen gene. Lane 3: sat gene.
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ABSTRACT
This report describes a family outbreak of vero-
cytotoxigenic Escherichia coli O157 (VTEC) infec-
tion, involving nine persons from one extended
family, which occurred in eastern Slovakia. Three
children suffered from haemolytic uraemic syn-
drome, two children had bloody diarrhoea, and
four adults were asymptomatic carriers. Fourteen
sorbitol-non-fermenting E. coli O157 isolates har-
bouring the vtx2, eae and ehxA genes were
obtained. Verocytotoxin 2 activity was demon-
strated in all 14 isolates. After epidemiological
surveillance, the source of infection was identiﬁed
as unpasteurised cow’s milk.
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The association between Escherichia coliO157 infec-
tion, haemorrhagic colitis (HC) (with diarrhoea,
severe abdominal pain and blood in the stools) and
haemolytic uraemic syndrome (HUS) was estab-
lished in the early 1980s [1]. Verocytotoxigenic
E. coli (VTEC) strains have been recognised as the
cause of both outbreaks and sporadic cases of
diarrhoea and HUS, involving thousands of cases
and numerous deaths [2,3]. Transmission of VTEC
O157 to humans is associated mostly with con-
sumption of contaminated food, unpasteurised
milk and ready-to-eat products [4]. Cattle comprise
themajor reservoir, but other farm animals can also
be carriers of E. coliO157 [5–8]. Several milk-borne
outbreaks of VTEC have been reported [9,10].
The present study describes a family outbreak
of VTEC O157, causing HUS and HC in paediatric
patients. The family consisted of 14 members (nine
adults and ﬁve children) living in a village in
eastern Slovakia. The household also included
goats and cattle. Diagnosis of HUS and HC was
based on the occurrence of acute haemolytic
anaemia with red cell fragmentation, acute renal
failure, thrombocytopenia below 130 ⁄mL, and the
presence of blood in the stools. Five children
(a boy aged 15 months, his sister aged 33 months,
and three cousins: a boy aged 5 years, a girl aged
31 months and a girl aged 7 years) were admitted
to hospital, with the two children aged 15 and
33 months suffering from acute renal failure. The
boy aged 15 months experienced a 4-day period of
mild watery diarrhoea which began on 8 Novem-
ber and continued as bloody diarrhoea from 11
November. On 14 November, the patient was
hospitalised for HUS. His sister developed bloody
diarrhoea on 14 November and was hospitalised
for HUS on 15 November. Both children required
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